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Acute interstitial nephritis (AIN) is an under-
recognized cause of AKI and occurs in 13%–20% of
biopsies performed for AKI (1,2). Drug-induced acute
interstitial nephritis (DI-AIN) accounts for 70% of
these (2). Although numerous drugs are implicated,
proton pump inhibitors (PPIs), antibiotics, and nonste-
roidal anti-inflammatory drugs are common culprits,
especially in the elderly. Immune checkpoint inhibi-
tors (ICIs) have recently emerged as an important
cause. AIN frequently presents insidiously as a sub-
acute rise in serum creatinine with minimal symptoms
or urinary abnormalities (3,4). Histopathologic confir-
mation is often necessary and may result in diagnostic
delays (5). DI-AIN has a variable prognosis, with 30%
developing dialysis-requiring AKI and 40%–60% pro-
gressing to CKD (2). Notably, 2% of all CKD is attrib-
uted to AIN (6,7).

DI-AIN is characterized by a type B idiosyncratic
cell-mediated immunologic response triggered by the
culprit drug, resulting in renal tubulointerstitial injury
(8). Histology shows interstitial edema and a cellular
infiltrate with predominance of CD41 T lymphocytes,
plasma cells, and eosinophils (9). The drug acts as an
allergen or lowers immune tolerance (e.g., ICIs). With
ongoing drug exposure, acute cytokine-mediated renal
injury can rapidly progress to irreversible tubulointer-
stitial fibrosis (TIF), noted as early as 7–10 days after
initial insult, and ultimately, this results in CKD (10,11).

Immediate discontinuation of the offending drug is
the first step in management of DI-AIN. Glucocorticoid
therapy is frequently utilized if there is lack of renal
improvement despite drug withdrawal; however, its
use is controversial. Data from randomized, controlled
trials (RCTs) are unavailable, and treatment guidelines
are not standardized. Several case series and small ret-
rospective studies have demonstrated benefit of steroid
therapy in DI-AIN (6,10,12–15), whereas others have
not (16,17). In this article, we aim to provide a rationale
for why glucocorticoid therapy should be strongly con-
sidered for treatment of DI-AIN.

Glucocorticoids block cytokine production via sev-
eral mechanisms, including inhibition of a key proin-
flammatory transcription factor NF-kB (Figure 1),

which has a pivotal role in promoting renal inflam-
mation in various diseases, including AIN (18,19).
Within days after the onset of tubulointerstitial inflam-
mation, there is activation of profibrotic processes
via cytokine-mediated fibroblast stimulation and
epithelial-mesenchymal transformation. This results in
interstitial collagen deposition, irreversible tubular
atrophy, and interstitial fibrosis (8). Glucocorticoids
suppress cytokine-mediated tubulointerstitial inflam-
mation in AIN, and if initiated early in the disease
course, they may prevent TIF by attenuating the initial
proinflammatory pathways (Figure 1).
Data supporting early glucocorticoid use were first

provided by Gonz�alez et al. (10) in a multicenter, ret-
rospective study of 61 cases of biopsy proven DI-AIN
(the majority were antibiotic or nonsteroidal anti-
inflammatory drugs induced). At 18 months, the glu-
cocorticoid group (52 of 61 patients) had a lower
serum creatinine (2.1 versus 3.7 mg/dl), more com-
plete renal recovery, and lower dialysis dependency
(4% versus 44%) compared with controls. No signifi-
cant steroid adverse effects were noted with a
treatment duration of 8–12 weeks. A delay in steroid
initiation (13 versus 34 days) was associated with
poor renal recovery. Compared with the initial renal
biopsy, there was evidence of markedly less cellular
infiltrate and more TIF on repeat biopsies in three
patients who received delayed steroid treatment. This
study suggested that prompt initiation of glucocorti-
coids (within 7 days) in patients with DI-AIN may
improve the extent and rate of renal recovery and
lower TIF and risk of future CKD. Raza et al. (12) dem-
onstrated greater improvement in serum creatinine
(3.4-fold versus 2.1-fold; P50.05) in the steroid group
(37 of 49 patients) as well as less likelihood of needing
dialysis, but the latter did not reach statistical signifi-
cance (P50.06). Muriithi et al. (6) evaluated renal out-
comes at 6 months post-biopsy in 83 patients with
DI-AIN treated with steroids (versus 12 controls).
Although there was no difference in outcomes at
6 months (likely because of the small size of the con-
trol group), the steroid group achieved 49% complete
renal recovery and 39% partial renal recovery, despite
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having lower baseline eGFRs and more severe AKI. Longer
drug exposure and a delay in initiating glucocorticoid ther-
apy (8 versus 11 versus 35 days for complete, partial, and
no renal recovery, respectively; P50.05) correlated with
suboptimal renal recovery. Prendecki et al. (13) evaluated
the effect of steroids in a large retrospective study with a
2 year follow-up of patients with AIN (N5187; 158 of 187
were treated with steroids, and 48 of those had DI-AIN).
Despite a lower eGFR in the steroid group compared with
the nonsteroid group at the time of biopsy (17 versus
38 ml/min), the steroid group exhibited greater improve-
ment in eGFR at 6, 12, and 24 months (median eGFR of
43 versus 24 ml/min at 24 months; P50.01), with fewer
patients progressing to ESKD (5% versus 24%; P50.002).
Notably, those with DI-AIN had a worse eGFR at the time of
biopsy but a higher eGFR at all time points post-biopsy,
demonstrating a better steroid response in those with
DI-AIN compared with nondrug etiologies. Fernandez-
Juarez et al. (14) recently published a large retrospective,
multicenter study evaluating severe biopsy-proven DI-AIN
(N5182; 19% requiring dialysis) in patients who received at
least 2 weeks of corticosteroids (average dose of 0.860.2
mg/kg per day) followed by a 9-week taper. At 6 months,
the mean recovered eGFR was 34626 ml/min, with 41%
achieving complete renal recovery, 46% achieving partial
renal recovery, and 13% achieving no renal recovery.

Delayed initiation of steroids (.29 days) correlated with
poor renal recovery at 6 months. This study confirms previ-
ous findings suggesting the importance of early steroid ther-
apy in DI-AIN. Furthermore, 74% of patients initiated on
KRT in this study recovered renal function, demonstrating a
beneficial role of steroids in severe dialysis-requiring
DI-AIN. Duration of steroid treatment did not indepen-
dently affect renal recovery, and no additional benefit was
seen with treatment with high-dose steroids for.3 weeks or
total treatment duration of .8 weeks. This study provides
some guidance on the appropriate duration of steroid treat-
ment. Huang et al. (15) recently conducted a retrospective
analysis of 72 patients with severe DI-AIN requiring dialysis
at diagnosis. At 6 months, 59 of 72 recovered renal function,
whereas 13 of 72 progressed to CKD (eGFR ,60 ml/min). A
longer interval to treatment with corticosteroids was an inde-
pendent risk factor for progression to CKD (odds ratio, 1.18;
95% confidence interval, 1.04 to 1.35; P50.01), and a delay
.22.5 days had the best predictive value for progression to
CKD. This study again demonstrates that severe DI-AIN can
have improved renal outcomes with timely initiation of ste-
roids. Given the irreversibility of established TIF, several of
these studies have noted poor renal recovery despite steroids
in patients with higher degrees of fibrosis (6,10).
In contrast to these findings, other retrospective studies

have found a lack of benefit of glucocorticoids in DI-AIN
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Figure 1. | Proposed mechanism of the effect of glucocorticoids (GCs) on T lymphocytes in treatment of drug-induced acute interstitial
nephritis. The drug acts as an antigen and induces a delayed type 4 hypersensitivity response with activation of T lymphocytes and other
immune cells. This results in a cascade of cytokine-mediated renal tubulointerstitial inflammation, which ultimately results in activation of
fibroblasts, leading to tissue fibrosis and irreversible renal damage. GCs can prevent activation of inflammatory pathways via their effects
on genomic transcription of proteins as illustrated. GCs bind to their respective cytoplasmic receptors (GRs). The GR-GC complex can
bind to the glucocorticoid response element (GRE) within the T lymphocyte DNA, resulting in the upregulation of mRNA transcription and
translation of anti-inflammatory proteins (shown with the green arrow). The GR-GC complex can also bind to the NF-kB element (NF-
kBE), which results in inhibition of mRNA and inflammatory protein synthesis (shown with the red arrows). EMT, epithelial mesenchymal
transformation; MMP, matrix metalloproteinase; ROS, reactive oxygen species; TIMP-1, tissue inhibitor of metalloproteinases 1.
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(16,17). There are several potential explanations for these
results. (1) Selection bias in these retrospective studies
would generally favor outcomes in those not treated with
steroids, as steroids would be trialed in patients who fail to
improve with drug discontinuation. Additionally, (2) delay
in initiating steroid treatment and (3) the presence of a
higher degree of TIF on renal biopsy would predict lower
steroid responsiveness.
Clarkson et al. (16) showed no difference in 1-year out-

comes with early steroid use in biopsy-proven AIN (26 con-
trols versus 16 steroid-treated patients). In addition to
being a small study, 33% of the patients had severe TIF,
which could explain the absence of observed benefit from
steroids. A larger multicenter study (N5171) by Valluri et al.
(17) found a trend toward complete renal recovery in the
glucocorticoid group versus controls (48% versus 41%,
respectively), although this was not statistically significant.
A high percentage of patients in this study had an unclear
duration of AKI, and only 14% had a time course of
,3 weeks, which suggests that the majority may have
developed significant TIF. Additionally, 35% of patients
had DI-AIN attributed to PPIs. PPI-induced AIN is particu-
larly notable for poorer prognosis due to its insidious
onset and delay in diagnosis as well as baseline CKD in the
elderly, who are more likely to be on chronic PPI therapy
(20). Finally, glucocorticoid-treated patients had a higher
severity of AKI at baseline (4.0 versus 3.2 mg/dl creati-
nine); therefore, similar creatinine levels in the two groups
on follow-up could suggest a higher magnitude of
improvement in renal function in those who received
glucocorticoids.
In summary, despite a lack of data from RCTs, there is

compelling evidence favoring the early use of glucocorti-
coid therapy in patients with DI-AIN (ideally within 7–10
days of diagnosis). This includes patients with severe AKI
but without severe TIF on histopathology. Timely therapy
may allow for faster and more complete renal recovery and
lower risk of residual CKD. In situations in which with-
drawal of the drug may be detrimental (such as lifesaving
antibiotics or ICIs), treatment with glucocorticoids and
drug rechallenge may be the only option (21). A short
course of high-dose steroids (2–3 weeks) followed by a
taper over the next 6–8 weeks is a reasonable approach.
Those patients with DI-AIN who respond favorably to ste-
roids are likely to do so by 4 weeks, and treatment beyond
6–8 weeks may increase the adverse effects with minimal
additional benefit (5,10). ICIs may require longer treatment
(3–6 months) and a slower taper (21). Although intrave-
nous pulse steroids can be used for severe AKI, there does
not seem to be an advantage of intravenous protocols over
high-dose oral steroids (22). Finally, factors such as age,
frailty, comorbidities, and overall risk versus benefit of glu-
cocorticoid therapy in the individual patient should be con-
sidered. A prospective, open-label RCT is underway to
compare prednisolone with supportive care in patients
with incident biopsy-proven AIN and should provide fur-
ther guidance (23).
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